In this study, biodiesel (20%)-methanol (5%)-diesel (75%), biodiesel (20%)-methanol (10%)-diesel (70%), biodiesel (20%)-diesel (80%), and standard mineral diesel as a baseline fuel are tested in a multi-cylinder diesel engine. Those biodiesel-alcohol low proportion blends are investigated under the same operating conditions at 20%, 40% and 60% of engine loads to determine the engine performance and emission of the diesel engine. Overall, biodiesel-methanoldiesel blends show higher brake specific fuel consumption than mineral diesel. As methanol proportions in blends increase, NO emissions increase, while CO emissions are reduced. Also, biodiesel-diesel blend with 5% of methanol is more effective than biodiesel blend with 20% for reducing CO emissions.
Introduction
The use of alcohol additives include methanol and ethanol are very practical in the biodiesel blends due to its miscibility with the pure biodiesel [1] . Alcohol additives are very helpful to reduce the viscosity and density of the biodiesel which is higher compared to standard mineral diesel. The alcohol additives improve the combustion efficiency and produce lower exhaust emission when fuelled the diesel engines.
Ethanol and methanol has approximately 35% and 30% higher oxygen in basis as compared to mineral diesel that help diesel engine to achieve higher complete combustion [2] . More oxygen in fuels means more complete combustion to be achieved. Qi et al. [3] conducted the study on biodiesel-methanol-diesel Available online at www.sciencedirect.com blends with the volume ratios of 5% and 10% of methanol as an additive in the compression ignition engine. Overall results showed that BDM5 and BDM10 produced a significant decrease of smoke emission and CO emissions. As for combustion results, BDM5 and BDM10 have a combustion delay compared to BD50 at low engine load. However at the high engine load, the engine start for BDM5 and BDM10 were comparable to BD50. Najafi and Yusaf [4] investigated the performance of methanol-diesel blends on a diesel engine. Methanol was added to diesel as additives with volume concentrations of 10%, 20% and 30% (methanol (10%)-diesel (90%), methanol (20%)-diesel (80%) and methanol (30%)-diesel (70%). Overall results show that methanol-diesel blends show a significant increase in effective brake power and torque when compared to mineral diesel. The lowest exhaust temperature produced for the mixing ratio fuels was methanol (10%)-diesel (90%). While mineral diesel produced the highest exhaust temperature as compared to methanol-diesel blends. As for brake specific fuel consumption (bsfc), the mineral diesel produced lower bsfc as compared to other methanol-diesel blends while the bsfc for methanol (30%)-diesel (70%) was the highest. Anandet al. [5] examined the influence of the methanol as an additive on the combustion, performance and exhaust emission when blended with neat karanji biodiesel in a multi-cylinder direct injection. The test fuel was blended according to the volume ratio, 10:90 (90% karanji biodiesel and 10% methanol). Overall results indicated that the peak cylinder pressure and peak energy release rate decreases for biodiesel-methanol blend. However, the unburned hydrocarbon (HC) and CO emissions were slightly higher for the methanol blend compared to neat biodiesel at low load conditions. While at higher engine load conditions, the CO emissions decreased significantly for the biodiesel-methanol blend but as for HC emissions, the results were comparable between the test fuels [6] .
In this comparative experimental study, biodiesel-methanol-diesel blends were tested in the same diesel engine under the same operating conditions. Those finding results were compared to B20 and mineral diesel as for the baseline. Biodiesel-methanol-diesel blends were prepared with 20:5:75 and 20:10:70 ratios (B20 M5 and B20 M10). Brake specific fuel consumption (bsfc), exhaust temperatures, CO and NO emissions were compared based on the fuel type and mixing ratio.
Materials and Methods
The experimental work was conducted on a four-cylinder, 4-cycle, indirect injection (IDI), watercooled Mitsubishi 4D68 diesel engine. Table 1 and mineral diesel as a baseline fuel were prepared for the engine testing. Biodiesel was originated from palm oil and been transesterified into palm methyl ester (PME) or palm biodiesel. The process followed ASTM D6751 guidelines and the biodiesel fuel met the standard specification. The biodiesel fuel was purchased from the local biodiesel company while mineral diesel was purchased from the local petrol station. Table 2 summarizes the detail properties of the test fuels. 
Results and discussions
A series of tests was undertaken to investigate the influence of biodiesel-methanol-diesel blends in a multi-cylinder, water-cooled diesel engine at constant engine speed, 2500 rpm and three engine loads.
Also biodiesel-methanol-diesel blends are compared under the same operating condition and results are compared to mineral diesel as a function of load and mixing ratios. Biodiesel-methanol-diesel blends produce higher brake specific fuel consumption (bsfc) as compared to B20 and mineral diesel at three different engine loads as illustrated in Figure 2a . As the methanol concentrations increases, the bsfc for the engine proportionately increases. Overall the mineral diesel has the lowest bsfc compared to other blend fuels. Results indicated that the biodiesel-methanol-diesel blends consume more fuel per energy extracted as load decreases, then resulted more fuel carry-over or unburned fuel. The exhaust gas temperature provides qualitative information about the combustion progress details in the engine [5] . Figure 2b shows the variation of exhaust gas temperature for the test fuels; biodiesel-methanol-diesel blends, B20 and mineral diesel.As expected for all cases, exhaust gas temperature increases regarding to the engine loadsIt can be seen from the figure that there is no a significant difference between the results, however biodiesel-methanol-diesel blends produce a slight increase in exhaust temperatures compared to other test fuels due to the higher oxygen content of the biodiesel-ethanol-diesel blends that could increase the combustion temperature. diesel blend and mineral diesel at varying load conditions. In general, it is observed that the CO emissions are slightly lower for biodiesel-methanol-diesel blends at low load condition and with increase in load the differences in CO emissions are insignificant between the test fuels. The higher CO emissions for the test fuels were observed at high load condition due to the higher air-fuel equivalence ratio. However, overall results show that biodiesel-methanol-diesel blends achieved the CO emissions reduction at all engine loads due to more complete combustion. The formation of nitric oxide (NO) emissions is primarily governed by the magnitude of maximum cylinder temperature and the crank angle at which it occurs [5] .
Figure 3(b) shows the comparison of NO emissions of biodiesel-methanol-diesel blends, biodiesel-diesel blend and mineral diesel at varying load conditions. The NO emissions of biodiesel-methanol-diesel blends are significantly higher compared to mineral diesel at all the tested conditions. The increase in NO emissions with the blend can be explained through the higher magnitude of in-cylinder temperature due to the higher oxygen content of the blends. 
Conclusions
The following conclusions are drawn from the experimental results of biodiesel-methanol-diesel blends on engine performance and exhaust emission operating with an indirect injection diesel engine:
(i) bsfc of biodiesel-methanol-diesel blends is higher as compared to mineral diesel with higher methanol concentrations (10%) have higher bsfc compared to lower methanol concentrations (5%).
(ii) There were increases in exhaust gas temperatures for biodiesel-methanol-diesel blends varying at all engine loads.
(iii) Higher methanol concentrations decrease NOx emissions while slight increasing in CO emissions.
Biodiesel-ethanol-diesel blends substantially reduced the NOx emissions while increasing in CO emissions.
Overall, combustion and emissions strongly depend on methanol blend ratios and engine operating conditions, which may produce favourable and contradict effects overall due to the oxygen content and the cooling effects of methanol.
